This paper retrieved the vegetation water content EWT (equivalent water thickness) information and the relevant parameters for the land surface from full-band TM remote sensing data. The effects of surface water heat flux and surface covering on the EWT were analyzed via studies of the regional land cover status and the combined EWT with land surface parameters. This paper also analyzed the roles and limitations of EWT in drought monitoring combined with classification of the regional drought and regional water stress index (RWSI).
Introduction
Monitoring of vegetation water not only aids in understanding the conditions for plant growth but also plays an indispensable role in assessing the risk of forest fire, monitoring of drought conditions and ecological security, and evaluating regional water resources (Gao et al.,2009 (Gao et al., ,2010 . Many specialists have studied the definition of vegetation water content in detail and have suggested several indices for vegetation water content, such as the RWC (relative water content), RDI (relative drought index), FMC (fuel moisture content), and EWT (equivalent water thickness). Among these indices, the EWT is defined as the ratio of the vegetation water content and its total leaf area (Dawson et al., 1998) , and the EWT can be revised using the leaf area index (Ceccato 2001) to describe the vegetation water content more accurately. The FMC is affected by the dry matter in the leaves (Ceccato 2002a (Ceccato , 2002b . Therefore, this article adopts the coupling of the EWT and the FMC for further study of the vegetation water content.
Therefore, this paper retrieved the EWT over different ecosystems using TM remote sensing data. Using studies on the regional land-cover status, the effects of surface water/heat flux and land-cover on the EWT were analyzed by combining the EWT with other land surface parameters (such as the FVC, NDVI, LST, ET, etc.). and longitude 118° 37' 37" ~ 119° 44' 31". It measures approximately 97 km from east to west and 79 km from north to south. The total study area is 486,245 hectares. Land elevation drops mildly from 30 m to 2 m above sea level, and the length of the meandering coastal line within the study area is about 400 km. This active floodplain was formed by the release of sediment laden water from the neighboring river channel through regional morphological and sedimentary dynamics. Shouguang City, the Hangting area of Weifang City, and most of Changyi City are situated along this coastal line. The sediment distribution in the alluvial plain ranges from fine sand (close to the low water line) to the typical mud which is carried by flood currents. The climate system located close to the open ocean is a moist, warm, and temperate continental monsoon (Cao, 2002) . 
The Retrieval of Vegetation Water Content Information (GVMI and EWT）
Because both the near-infrared and the short-wave infrared bands are more sensitive to changes in the vegetation water content, the Global Vegetation Moisture Index (GVMI) is chosen to retrieve the vegetation water content and the formula is expressed as follows (1):
where NIR is the near-infrared reflectance (band range: 0.79-0.89 µm) and the SWIR is the shortwave infrared reflectance (band range: 0.58-1.75 µm). The quantitative relationship between the GVMI and EWT is established according to Ceccato et al. (2002a Ceccato et al. ( , 2002b ) via a fitting method and field measurement data, formula is expressed as follows (2):
(2) where a = 1.53, b = -1.40, c = -0.000099, EWTcanopy is vegetation water content. Later, to test on the actual application effect of the formula, Ceccato et al. (2002a Ceccato et al. ( , 2002b found that significant differences exist between the formula calculation results and the field measurement data, but their regression lines were parallel. Ceccato thought that systematic errors in the sensor and measurement tools led to the generation of this error, and thus, they introduced a constant into the formula to reduce the error. The revised formula (2) is expressed as (3).
( ) ( ) 13 (3) and the formula of the EWTcanopy can be derived from Equation (3), as shown in Equation (4) . 
Results and Discussion
We selected the remote sensing TM images of seven bands in the study area on May 7th, 1987 and retrieved the EWT as case study (Figure 2) . Next, using the false color images generated from the 4, 3, and 2 bands, we extracted the land cover information of the study area by artificial visual interpretation ( Figure  2 ). The information presented in the results and discussion were analyzed using the above indices.
Land Cover in 1987
EWT in 1987 The EWT is defined as the ratio of the vegetation water content (the difference between the fresh weight and dry weight) and the leaf area and is a method for retrieving the vegetation water directly. The greatest advantage is that this method has nothing to do with the vegetation type, and thus it can reflect the water content of the different vegetation types in the study area more objectively.
The NDVI and the FVC are both remote sensing indices that reflect the vegetation density. A negative value of the NDVI means that a region has no vegetation covering, and the FVC is also equal to 0. When the NDVI is greater than 0, this indicates that the region is covered with vegetation, and the FVC is also greater than 0. If the NDVI values increase, the FVC value also increases, which indicates an increase in the density of regional vegetation. The indicative characteristics of the NDVI and FVC for the surface vegetation display a rather close relationship with the vegetation water content (EWT). We combined the EWT with the NDVI and FVC, and the corresponding EWT data were collected using an interval of 0.01 with the NDVI and FVC as independent variables to generate Figure 3 , with which we analyzed the quantitative relationship between the vegetation index and EWT and its impact on the EWT.
As shown in Figure 3 , the EWT presents different patterns of changes together with the changes in the NDVI(see are always in the state of changing from bare vegetation cover to sparse vegetation cover. These surfaces contain vegetation, but the vegetation cover is sparse. In this ecological environmental condition, the effect of the soil on the regional moisture and heat is far larger than that of the vegetation, and the EWT has a negative correlation with the NDVI and the FVC. Therefore, we observe that under the conditions of NDVI < 0.18 and FVC <0.1, the vegetation coverage increases and the EWT decreases significantly. The negative correlation coefficients reach as high as 0.99, and the degree of negative correlation is notably high. When the NDVI is greater than 0.18 and the FVC is greater than 0.1, the vegetation coverage increases to a certain extent, and the effect of vegetation on the regional water and heat becomes larger than that of surface soil; in other words, the vegetation transpiration is greater than the evaporation. The EWT showed a significantly positive correlation with the NDVI and the FVC. The EWT also increases accordingly together with the increase in the NDVI and FVC indices. These indices showed a significant positive correlation, and their correlation coefficients were both 0.97.
NDVI_EWT FVC_EWT From the above analysis, we observe that the changes in land coverage affect the EWT significantly. In an ecological environment with low vegetation coverage, the EWT changes produce negative relationships with the changes in vegetation density. When vegetation density increases to a certain extent, the EWT presents a significant positive correlation with the vegetation density.
Conclusions
This paper retrieved the EWT (equivalent water thickness) data from the near-infrared and shortwave infrared bands. False color composition was combined with the 4, 3, and 2 visible bands, and the land cover data were extracted with the aid of machine-assistant interpretation for use as a background for the related research.
Using the analysis of the regional land cover status, the impacts of surface water heat flux and surface covering on the EWT were analyzed by combining the EWT with the vegetation index (NDVI and FVC). the following conclusions can be drawn:
The EWT is affected significantly by the vegetation cover density. In the case of low vegetation coverage, the NDVI and FVC are negatively correlated with the EWT. Under conditions of high vegetation coverage, the NDVI and FVC are positively correlated with the EWT. The vegetation water changes distinctly with different values of the ET, and thus the changes in the ET affect the EWT significantly.
